Abstract Based on species endemism, three biodiversity centers, called ''Ecological Corridors'' have been proposed as one of the main conservation strategies for the Atlantic Rain Forest. This study tested whether the organization of the social paper wasp assemblage fits those centers. A standardized protocol was used for sampling the social paper wasp fauna. The structural organization was estimated by Nonmetric Multidimensional Scaling (NMDS) based on the similarity indexes of Sorensen (qualitative data) and Morisita-Horn (quantitative data). Regressive models were applied to the first axes' site scores of the NMDS, to the latitudinal and altitudinal variations, and to the speciation and immigration probabilities predicted by the neutral theory for a metacommunity. Our results indicated that the social paper wasp assemblage is organized in a continuum, with two distinct biodiversity centers. The organization of the assemblage along the gradient was dependent on latitudinal and altitudinal variations and their interactions, and also on the speciation and immigration probabilities. Several studies have demonstrated that the current biodiversity patterns of the Atlantic Forest might be explained by the past climate and, consequently, by the connection between the Amazon and the Atlantic Forest. In addition, speciation and immigration probabilities strongly influence the compositional and structural variations of the social paper wasp assemblage along the latitudinal gradient.
Introduction
The Atlantic Forest is one of the richest and most threatened biomes of the world; thus, it has been recognized as a biodiversity conservation ''hotspot'' (Myers et al. 2000; Mittermeier et al. 2004) . Few conservation hotspots are as threatened and diverse as this megadiverse biome (Laurence 2009 ). Despite recent efforts to conserve it, the anthropogenic impacts are still intense (Morellato and Haddad 2000; Fundação SOS Mata Atlântica and INPE 2014) . Currently, only approximately 12.5 % of the original forest cover remains (Fundação SOS Mata Atlântica and INPE 2014) , and the majority of the preserved areas are located along the Brazilian coast, mainly in the southeastern region (Morellato and Haddad 2000) . This biome includes two main vegetation types: the Atlantic Rain Forest along the Brazilian coast and the Atlantic Semi-deciduous forest covering the South American Central Plateau (Morellato and Haddad 2000) .
The Atlantic Rain Forest has been considered to be a biogeographical province of the Neotropical Region based on insect distributions, including the fauna of Aculeate Hymenoptera (Willink 1988; Morrone 2006) . The history of the Atlantic Forest is marked by several forest expansion Electronic supplementary material The online version of this article (doi:10.1007/s10841-016-9891-9) contains supplementary material, which is available to authorized users. and retraction events (Por 1992; Costa 2003) modulated by the climatic history of the region (Carnaval and Moritz 2008) . Previous climate changes have been considered to be some of the main determinant factors of biodiversity patterns (Araújo et al. 2008; Carnaval and Moritz 2008; Leprieur et al. 2011; Sandel et al. 2011) . The sucessive forest expansion and retraction events resulted in connections between the Amazon and Atlantic Forests at different latitudes and times (Bigarella et al. 1975; Prance 1987; Por 1992; Costa 2003) , thus influencing the distribution of species and consequently contributing to the current biodiversity pattern. However, several other intrinsic factors of latitudinal gradients, such as variations in productivity and temperature (Hawkins et al. 2003; Ye et al. 2014; Barthelemy et al. 2015) , have also influenced such patterns, characterizing the latitudinal variation as one of the main geographic components responsible for the high biodiversity in the Atlantic Rain Forest (Ab'Saber 2003; Pinto and Brito 2005) .
Substantial efforts have been made to protect the Atlantic Rain Forest remnants and to restore deforested areas (Conservation International-Brazil et al. 2000; Fonseca et al. 2003; Galindo-Leal and Câmara 2003; Tabarelli et al. 2005 ). Based on a holistic and sustainable view, three biodiversity centers have been proposed as a conservation strategy for the Atlantic Rain Forest based on the endemic areas of birds, butterflies, and primates (Silva and Casteleti 2003; Ribeiro et al. 2009 ): (1) the South Center, which is located between northern state of Rio de Janeiro and the southern border of the Atlantic Rain Forest and includes the largest conservation areas and the longest continuous forest extension; (2) the Central Center, which ranges from central-eastern state of Bahia to southern state of Espírito Santo and includes the greatest diversity of vascular plants in the world, as well as a large number of endemic animal species; and (3) the North Center, which is the most neglected area, with small and quite isolated conservation areas in northeastern Brazil (Conservation InternationalBrazil et al. 2000; Silva and Casteleti 2003; Fonseca et al. 2003; Ayres et al. 2005; Tabarelli et al. 2005 Tabarelli et al. , 2010 . These biodiversity centers are called ''Ecological Corridors'' by Fonseca et al. (2003) , Silva and Casteleti (2003) and Ayres et al. (2005) , and the main organizations involved in the protection of the Atlantic Forest, such as the Brazilian Biodiversity Fund, Conservation International-Brazil and SOS Mata Atlântica Foundation. The biodiversity center approach seeks to provide, through appropriate public policies, a practical and effective solution for maintaining biodiversity and large-scale ecological processes in extensive areas of habitat in their original condition (CEPF 2001) .
The latitudinal gradients are established by a combination of physical, ecological, historical, evolutionary, and stochastic forces, which determine species spatial heterogeneity (Willig 2001; Gaston 2003; Willig et al. 2003; Goldberg and Lande 2007; Buckley and Jetz 2008) . Such variations influence species distribution, which in turn modulates biological diversity (Huston 1994; Gaston and Williams 1996; Gotelli and Graves 1996) . The spatial heterogeneity of the latitudinal gradients may reflect biogeographical patterns, which may be properly interpreted only within the broad context of regional and historical influences (Ricklefs 2004 (Ricklefs , 2007 Wiens and Donoghue 2004) . According to Pennington et al. (2004) and Carnaval and Moritz (2008) , current patterns of biodiversity of the Atlantic Forest are predicted by the climatic history. Climate change through time modulates the extinction vulnerability of populations (McKinney 1997; Schwartz et al. 2006) , so that extinction balances immigration at the local community level and is balanced by speciation at the regional level (metacommunity) (Munoz et al. 2008) , although it rises locally (Vellend 2010) . In this way, diversity patterns could be built up by colonization-extinction dynamics (Ricklefs 2007) , such as has been proposed by the island biogeography (MacArthur and Wilson 1967) and Neutral (Caswell 1976; Hubbell 2001 ) theories for biodiversity. In addition, Leibold et al. (2004) and Vellend (2010) highlighted that extinction can also be a result of stochastic forces, driven by ecological drift as has been predicted by the neutral theory (Caswell 1976; Hubbell 2001) . Despite the large number of studies, the diversity pattern and distribution of Polistinae remain poorly understood at the regional level. All species of this group are predators of other insects (Wenzel 1998) , and some of them are facultatively necrophagous (Sarmiento 2004) . These wasps build elaborate nests from plant fibers or mud (Richards 1978; Wenzel 1998 ) that can be extremely large, with hundreds of thousands or even more than a million individuals (Zucchi et al. 1995) . Due to their biological requirements, the success of the forest Polistinae species can be linked to the ecosystem support capacity, so that some species have been regarded as a keystone species (Oliveira et al. 2010 ). Due to these aspects, the abundance of predatory wasps might be influenced by forest fragmentation and isolation (Coudrain et al. 2013; Santos et al. 2014) .
The present study tests whether the structural organization of the social paper wasp assemblage fits the biodiversity centers proposed for conservation of the Atlantic Rainforest. We used a metacommunity approach, modeling the structural organization of the social paper wasp assemblage to the altitudinal and latitudinal data and also the immigration and speciation probabilities predicted by the neutral theory proposed by Hubbell (2001) . This latter aspect was used to test the influence of the neutral paradigm on the assemblage dynamic.
Methods

Study areas
This study was carried out in 17 conservation areas of the Atlantic Rain Forest located between latitudes of 7°and 27°and close to the Brazilian coast (Fig. 1) . According to an updated Köppen-Geiger climatic classification (Peel et al. 2007 ), the two main climates along the Brazilian coast are (1) tropical, including three strands between the states of Rio Grande do Norte and Espirito Santo, comprising (a) rainforest, (b) monsoon, and (c) savannah; and (2) temperate, which also includes three strands located between the states of Rio de Janeiro and Rio Grande do Sul characterized by (a) a dry winter and a hot summer, (b) no dry season and a hot summer, and (c) no dry season and a warm summer (=hot summer). Moreover, the Atlantic Rain Forest vegetation is classified differently along the (Fig. 1 , and see Online Resource 1 for more information).
Sampling design
The social paper wasp fauna was sampled in the rainy seasons from 2000 to 2002. The standardized collection protocol included two techniques that are commonly used to sample flying Hymenoptera: (1) Malaise and (2) Möer-icke (yellow pan) traps, and (3) vegetation sweeping based on Noyes ' (1989) methodology. Each Möericke sample consisted of five yellow pans, each with a diameter of 124 mm. Both the Malaise and Möericke techniques were applied along two transects of 500 meters, one of which was along a track inside the forest and the second transect was located in the forest proper, i.e. under the tree canopy with no obvious track. Both transects started inside the forest, at least 100 m from the edge. Malaise traps were set-up along the transects at 100 m intervals, whereas Möericke traps were set-up at 50 m intervals. Thus, five Malaise trap samples and ten Möericke trap samples were obtained from each transect, with a total of 10 Malaise trap samples and 20 Möericke trap samples for each conservation area. Both techniques were applied simultaneously for six consecutive days. Vegetation sweeping was carried out along two transects located along two different tracks inside the forest. The transects used were different for the three collection techniques. All the collected specimens were deposited in the Museu de Zoologia da Universidade de São Paulo (MZUSP-Zoological Museum of the University of São Paulo), São Paulo, Brazil.
Data analysis
The organization of the social paper wasp assemblage was analyzed based on structural (abundance data) and compositional (presence/absence data) similarities among the areas. For these analyses, Nonmetric Multidimensional Scaling (NMDS) with two dimensions and based on the Horn-Morisita index was applied to the relative abundance data, and the Sorensen index was applied to the species presence/absence data. The species composition is one of the components of the community structure, and analyzing it singly provides a deeper understanding on the community structural variation. These two aspects can represent diverse scenarios, since a set of local communities can be identical in species composition, but have different structure due to variation in abundance (Maaß et al. 2014) . The NMDS was preferred, over other approaches, because it allows the preservation of ordering relationships among objects, and due to its flexibility on the application of the appropriate distance index (Gower 1987, Legendre and Legendre 1998) . Moreover, it is more efficient than other methods in eliminating deformations, in which groups that are distinct in a third or higher dimension may be packed in the ordination plane with two dimensions, and because of this other methods may fail to discriminate the gradients (Legendre and Legendre 1998) , such as observed by Minchin (1987) , Anderson and Willis (2003) and Brehm and Fiedler (2004) .
The linear mixed models were used to model the two NMDS axes' site scores (dependent variables) on the basis of the latitude, altitude and/or their interaction (independent variables). This modeling included the type of forest, which was obtained from the classification maps of the vegetation cover provided by MMA (2006) (Fig. 1 , and see Online Resource 1 for more information), as a random effect, since areas with different vegetation tends to have different fauna, and consequently areas with the same forest types are more similar among them than those ones with different vegetation. In addition, the five most popular spatial correlation structures (exponential, gaussian, linear, rational quadratic and spherical) were included in the model fitting. The best-fitting models were selected from the AIC values.
The speciation probability (v), based on the point-mutation mode, and the immigration probability (m) were estimated from the Unified Neutral Theory of Biodiversity proposed by Hubbell (2001) , using the relative abundance of species. The point-mutation mode is the only one that provides suitable speciation estimation from species abundance data obtained locally Haegeman and Etienne 2010; Rosindell et al. 2010; Etienne and Haegeman 2011) . The m estimation was based on Munoz et al.'s (2008) approach, which uses the Etienne's sampling formula (Etienne 2007) . Both m and v (dependent variables) were also modeled on the basis of the latitude, altitude and their interactions (independent variables) using Generalized Additive Mixed Models (GAMMs) that included the forest type as random effect and those five spatial correlation structures. The choice of the best-fitting models was based on the AIC values, the adjusted coefficient of determination (adj-R 2 ) and the significant estimates of the independent variables. Analyses of variance (ANOVA) were applied to the competitive models.
Following the results obtained from these models, and also from the two-axis NMDS modeling, the NMDS first axes' site scores were associated to the latitudinal and altitudinal variations, to their interactions (independent variables), and to the independent covariates m and v on the logarithmic scale. The logarithmic scale was used to reduce any discrepancy in m and v in their relationship with the ordered NMDS' axes. The modeling was performed with GAMMs, considering the independent variables in the parametric treatment, while the covariates m and v were incorporated in the nonparametric part, allowing a possible nonlinear adjust of these two covariates. In addition, the GAMMs also included the five most used spatial correlation structures and the type of forest as a random effect. The selection of the best-fitting models was also based on the AIC values, adj-R 2 and the significant estimates of the independent variables, with application of the ANOVA to the competitive models.
Finally, null models based on 30,000 simulations and on the algorithm r2dtable were applied to the Morisita-Horn and Sorensen distances and to the NMDS to test whether average similarities among areas and the positions of the localities and species in the multidimensional space are results of undetermined random forces. In addition, Analyses of Similarities (ANOSIM) were performed to test whether the structural organization and composition of the social paper wasp assemblage, from each biodiversity center, are significantly distinct.
All statistical analyses were performed using the program R version 3.1.2 (R Development Core Team 2014), and the R packages: vegan version 2.0-8 (Oksanen et al. 2013) , mgcv version 1.7-26 (Wood 2014) , nlme (Pinheiro et al. 2015) , and untb (Hankin 2015) .
Results
Assemblage composition and structure
In total, 21 species of social paper wasp were sampled along the latitudinal gradient; most of the wasps belonged to the Epiponini (14 species). Agelaia angulata (Fabricius), A. flavipennis (Ducke), A. multipicta (Haliday), A. vicina (de Saussure), and Angiopolybia pallens (Lepeletier) were the five most abundant species, with more than 50 individuals collected. Four species were recorded at only one conservation area: Apoica flavissima Van der Vecht in the State Park of Desengano, Mischocyttarus montei Zikán and Polybia minarum Ducke in the State Park of Serra do Mar's Picinguaba Center, and Polistes melanosoma Saussure in the State Park of Pau Oco.
The NMDS based on the community structure (quantitative data) and composition (qualitative data) suggested that there was a gradual species substitution in the assemblage along the latitudinal gradient (Fig. 2) . The linear models indicate that the first axes of the NMDS estimated with both the Sorensen and Morisita-Horn approaches were associated with the latitudinal variation, while the second axes of both analysis were not explained by any of the explanatory variables or their interaction combination (Table 1 , and see Online Resource 2 for more information). In addition, the occurrence and structure turnover represented by the first axes of the NMDS were strongly explained by the latitudinal and altitudinal variations, by the interaction of these two variables and also by v and m (Table 1, see Online Resource 3 for details). The site scores of the first axis of the NMDS, based on the relative abundance, showed a linear relationship with v (Fig. 3) ; in contrast, the site score observed for the NMDS based on the qualitative data was non-linear (Fig. 3) . The first axis scores of the NMDS based on quantitative data and the score based on qualitative data showed non-linear relationships to m (Fig. 3) .
Based on the AIC values, variations in m would be explained solely by the altitudinal variation with a spherical spatial correlation structure (SSCS), but the most complete model, which included latitude, altitude and their interactions, with a SSCS was the best-fitting model, since it had the highest adj-R 2 , with all significant relationships between the dependent and independent variables (Table 1) , and no significant differences with that model with the lowest AIC (ANOVA: Likelihood Ratio = 3.0643; P = 0.6901). However, the model which only included altitude as an independent variable was the best-fitting one based on AIC, the variation in m was mainly explained by the interaction between latitude and altitude (see Online Resource 3 for more information). According to the most complete model, m shows linear and positive relationships with the latitudinal variation and negative relationships with altitude (Fig. 4) . Considering the AIC values, variations in v would be best explained by the latitudinal gradient, independently of the spatial correlation structure (see Online Resource 3 for details). However, there was no significant difference between that model and the most complete one with a linear spatial correlation structure (ANOVA: Likelihood RV response variable; EVs explanatory variables; log(m) immigration probability in logarithmic scale; log(v) speciation probability in logarithmic scale; te smoothing full tensor for the generalized additive mixed models (GAMMs); GLMMs generalized linear mixed models * significant probabilities (Fig. 4) .
Faunistic partitioning
ANOSIM indicated that the assemblage of social paper wasps was structurally (R = 0.430; P = 0.001) and compositionally (R = 0.435; P = 0.0005) partitioned into two biodiversity centers (Fig. 5) . There was no significant difference between the northern and central centers for either the assemblage structure (R = 0.125; P = 0.166) or the composition (R = 0.203; P = 0.126). The null models indicated that both the structural (average Morisita-Horn distance among areas = 0.7255, Null model = 0.2771, P \ 0.001) and compositional (average Sorensen distance among areas = 0.7333, Null model = 0.8041, P \ 0.001) partitions were significantly distinct along the latitudinal gradient (Fig. 5) .
Discussion
The present study did not intend to generate a checklist of Polistinae, but to test whether the structure of the paper wasp assemblage fits the biodiversity centers proposed for conservation of the Atlantic Forest, using a rapid biodiversity assessment protocol. In this way, this study documents that the social paper wasp assemblage is structurally arranged as a continuum along the Atlantic Rain Forest, showing a broad species overlap, as a result of the continuous integration of most communities along the gradients (Whittaker 1975) . In fact, Gonçalves and Brandão (2008) found similar results for Meliponina bees along the same latitudinal gradient. However, our results also indicated a significant variation in the structure and composition of the social paper wasp assemblage along the gradient, resulting in two different biodiversity centers (North-Center and South- Fig. 5 ). In this way, the structural and compositional variation in the social paper wasp assemblage fits the boundary limits of the central and southern biodiversity centers proposed for the Atlantic Rain Forest (Conservation International- Brazil et al. 2000; Fonseca et al. 2003; Ayres et al. 2005 ). Carnaval and Moritz (2008) verified that the number of biodiversity centers might vary by group and can be the result of ecological differences and dispersal capability. Diversity patterns of taxonomic groups with poor dispersal abilities are more susceptible to historical effects (Graham et al. 2006) . The immigration probability (m) was very strong for the composition, as well as for the assemblage structure. Immigration depends on regional processes such as the generation and dispersal of new species, historical factors such as past climate history and the geographical position of dispersal barriers and corridors (Ricklefs 1987) . In addition, several other factors, intrinsic and/or extrinsic to the community, might have influenced the fitting to the boundary limits between the northern and central corridors. Intrinsically, such factors may be linked to the biogeographic history of the species that make up the community. The climatic history of the Atlantic Forest determined different events of forest contraction and expansion, which resulted respectively in population isolation and spread (Pennington et al. 2004; Carnaval and Moritz 2008) . These events established connections between the Atlantic Forest and the Amazonian Forest at different times and in different regions along the latitudinal gradient (Por 1992; Costa 2003) , and allowed the transiting of biota between those two forests, which influenced the current biodiversity patterns in both biomes (Por 1992; Costa 2003) .
Some social paper wasps are widely distributed in the Atlantic Forest, and some of them may be found in other biomes. Two of the most abundant species, Agelaia angulata and Angiopolybia pallens, have also been recorded in the Amazonian forest (Morato et al. 2008; Silveira 2002; Silveira et al. 2008; Silva and Silveira 2009) , whereas two of the other most abundant species, A. multipicta and A. vicina, range to the Atlantic Semideciduous Forest (Tanaka-Júnior and Noll 2011; Gomes and Noll 2009), but are restricted to the Atlantic Forest. These two and other paper wasp species restricted to the Atlantic Forest might have their origin linked to the forest retractions. The five most abundant species are facultatively necrophagous and feeding on dead vertebrates and large invertebrates (Miller 1993) , and because of this such species have been regarded as an important component of this ecosystem (Oliveira et al. 2010) .
Based on a phylogeographic study, Carvalho et al. (2014) have noted that A. pallens and Synoeca surinama (Linneaus) are widely and continuously distributed in Central Brazil as a result of a Cenozoic connection between the Amazon and the Atlantic Forest. The current distributions of these two species are somewhat different, as A. pallens is restricted to moist forests, whereas S. surinama has been recorded in savannas and dry forests as well (Carvalho et al. 2014) . Moreover, Carvalho et al. (2014) have noted that the genetic variants of A. pallens and S. surinama from the northern biodiversity center of the Atlantic Forest are included in the population from the central center, corroborating the present results.
Extrinsically, the forest fragmentation generated by anthropogenic action might have influenced the diversity pattern reported by this study. Santos et al. (2008) and Lôbo et al. (2011) have shown that the flora of the Atlantic Forest of northeastern Brazil has suffered homogenization, with a loss of functional attributes due to forest fragmentation. Herbivore species, such as the prey of social wasps, might show variable responses to forest fragmentation, but predators are negatively affected by it (Davies et al. 2001) . Ranta et al. (1998) have noted that fragments of the Atlantic Rain Forest in northeastern Brazil are relatively small and located close to each other, with only approximately 7 % of the fragments being larger than 100 hectares. According to Hanski (1998) , the total amount of habitat in the fragmented landscape is often a good predictor of long-term metapopulation persistence. Despite this, studies targeted at the influence of forest fragmentation on the pattern of diversity are necessary to confirm this assumption.
The small size, allied with irregular shape, of fragments leads to a rapid decrease in the forest core and, consequently, an increase in the edge width (Ranta et al. 1998) . The edge effect affects the forest microclimate and, consequently, the structures of plant and animal communities (Didham et al. 1998; Didham and Lawton 1999; Laurance et al. 2002 Laurance et al. , 2006 Laurance et al. , 2007 Ries et al. 2004) . Currently, the Atlantic Rain forest in the Zona da Mata in the northeastern Brazil mainly consists of edge habitat (Ranta et al. 1998) , indicating that the existing fragments should be expanded. Habitat loss increases the local extinction risk and reduces the colonization rate (Comins et al. 1992; Hanski 1998; Gardner and Engelhardt 2008) , which could explain the positive relationships between m and the latitudinal gradient. Chust et al. (2013) pointed out that m is relatively constant between 0°and around 35°of latitude south, and increases rapidly at higher latitudes.
The present results indicated that both structural and compositional repeatability along the latitudinal gradient are strongly correlated to m, which incorporates dispersal limitation (Rosindell et al. 2011) and is regulated by stochastic speciation-extinction processes at the regional level (Hubbell 2001; Chave 2004; Etienne and Alonso 2007; Economo and Keitt 2008) . Random extinction and speciation events coupled with the dispersal rate integrate the neutral dynamics of the ecological communities and can explain many of their properties, including species coexistence and biodiversity variations (Hubbell 2001; Volkov et al. 2003; Chave 2004; Etienne and Alonso 2007; Gotelli and McGill 2006) . Dispersal rates are affected by the distances between areas and by increased connectivity levels of local communities such that similarities among such communities are increased under multiple stable equilibria as the result of stochastic processes (Chase 2003) . In general, fragments in the northern gradient, which demonstrate the lowest connectivity levels, presented lower values of m, indicating that the similarities among the paper wasp assemblages in that region are governed by intrinsic ecological processes, such as those predicted by the neutral theory. The community correlations among sites established by species coexistence as a result of neutral processes can be strong, extensive and persistent, notably when historical effects are preserved by large communities or low immigration rates (Bell 2000) . Thus, the proportions of local births and immigration rates exert important effects on the community structure and composition of the affected habitat, and they are regarded as essential parameters for ecosystem management and conservation strategies (Dornelas 2010) .
In contrast to m, v demonstrates different relationships to structural and compositional variations such that, in general, the southern areas of the gradient experience fewer speciation effects than the northern areas, since v decreases southward (Fig. 4) . The speciation probability represents the chance that a new species arises in the community from a random mutation (Hubbell 2001; Etienne and Alonso 2007; Economo and Keitt 2008; Kopp 2010) , and it is directly proportional to the relative abundance of species in a metacommunity ). Campos et al. (2012) have noted that habitat fragmentation might result in less sensitivity in the relationships between species-area and v, suggesting that biodiversity generation in a disturbed habitat is mainly established by ecological drift. The influence of ecological drift is greater in small areas, since how smaller is the community greater is its susceptibility to stochastic processes inherent to individual birth and death (Bell 2000; Hubbell 2001; Chave 2004; Vellend 2010) . Lennon et al. (2001) have reported that areas with low species richness demonstrate greater species turnover, as observed for the Center of Environmental Studies and Research of Vila da Glória in São Francisco do Sul, SC (A16), which was quite similar to northern areas of the gradient, mainly to Mata do Buraquinho in João Pessoa, PB (A1) (Fig. 2) . The area in São Francisco do Sul is one of the smallest and most impacted areas included in the present study, since it presented the lowest abundance (15 specimens) and species richness (2 species). Despite the strong fragmentation of the Atlantic Forest in northeastern Brazil, the social paper wasp fauna from that region still incorporates ecological and historical processes intrinsic to the Atlantic Forest (Fig. 5) .
In conclusion, considering both historical and ecological processes, this study suggests that the social paper wasp assemblage is structurally organized into two biodiversity centers. To be effective in guiding biome management, the present results should be considered in association with the results of other basic and applied studies and with socioeconomic aspects, providing sustainable development in Brazil. The connection between science and policy has been strongly reinforced by the Millennium Ecosystem Assessment (2005); however, approaches to ecosystem services have been somewhat incomplete, whereas historical aspects of landscapes have been not considered adequately (Joly et al. 2014; Bürgi et al. 2015) . Joly et al. (2014) highlighted that to protect and restore the Atlantic Forest, research on this biome should go beyond the understanding of biodiversity patterns and ecological processes, being necessary to comprise, on the basis of basic and applied dimensions, how the forest responds to anthropogenic actions at multiple levels of biological organization and spatial-temporal scales. Assuming that a significant fraction of tropical forest biodiversity depends on undisturbed habitats and landscape connectivity, the ecosystem services provided by anthropogenic landscapes can be significantly augmented by coupling ecological corridor initiatives with any attempt to plug existing gaps in the representativeness of protected areas (Tabarelli et al. 2010) . Corridors and stepping-stones have become a significant factor in conservation management systems, and they potentially increase the total area of available habitat (MacDonald 2003; Joly et al. 2014 ) and allow immigration and gene flow between areas (Tewksbury et al. 2002; Bennett 2003; Ayres et al. 2005) . In this way, the biodiversity center approach creates a favorable environment to integrate the ambitious pool of ongoing conservation actions in the Atlantic Forest, including the consolidation of the regional scale corridors, which link distant areas and have already been implemented throughout the Atlantic Forest region (Aguiar et al. 2003; Tabarelli et al. 2010) . In fact, habitat corridors have come to represent the basic foundation of any effective biodiversity conservation strategy in highly fragmented forest biota (Beier and Noss 1998; Santos et al. 2008) , increasing landscape connectivity and reestablishing or maintaining the structural and functional processes that drive the ecosystem dynamics (Bennett 2003; Elmqvist et al. 2004; Massol et al. 2011) .
